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(71) We, Philips Electronic and 
Associated Industries Limited, of Aba- 
cus House, 33 Gutter Lane, London EC2V 
8AH, a British Company, do hereby de- 
5 clare the invention, for which we pray that 
a patent may be granted to us, and the 
method by which it is to be performed, to 
be particularly described in and by 'the 
following statement:— 

10 The present invention relates to a 
respiratory system comprising a ventilator 
and a pressure controlled gas flow valve 
connected to an expiratory tube. 
In certain patients requiring artificial 

15 ventilation, an important class being 
neonates exhibiting symptoms of idiopathic 
respiratory distress syndrome or hyaline 
membrane disease, it is found that it is 
beneficial to maintain the transpulmonary 

20 pressure during expiration, for example 
where there is a deftdei . uulmoi 
surfactant giving rise to a hie-i surface 
tension in the alveoli. Under these* circum- 
stances there is a tendei < for a olai 

25 "- L o occur at the end of expii tti. i 
when the difference between the airway 
and pleural pressure becomes low. Such 
alelccrnsb with its. consequent decrease in 
arterial oxygen tension is detrimental to 

30 the patient and it is the purpose of the 
present invention to provide a means 
whereby these effects may be avoided 
during intermittent positive pressure venti- 
lation of the patient. For tha purpose of 

35 the present specification the end of the 
transpulmonary pressure during expiration 
will be hereinafter referred to as the "posi- 
tive end expiratory pressure". 
Preferably, a low resistance to the flow 

40 of air from the lungs should also be main- 
tained until at least a positive end expira- 
tory pressure is reached. 

Prior to the present invention a positive 
end expiratory pressure was obtained in 

45 one method by submerging in water the 



end of an expiratory tube connected to a 
ventilating apparatus. A pressure in the 
lungs is then built up during the expiratory 
phase. The pressure may be adjusted by 
varying the depth of the end of the tube 50 
in the water until, to obtain a positive end 
expiratory pressure, the air from the 
patient's lung pushes the water in the tube 
aside to escape into the atmosphere. 

In an alternative method a positive end 55 
expiratory pressure was obtained prior to 
the present invention by using a pressure 
relief valve which was actuated by a 
plunger, the pressure at which the valve 
operates being dependent upon the addition 60 
of one or more weights added to the 
plunger. However, such a plunger type 
pressure relief valve is not satisfactory in 
that the valve presents too large a resist- 
ance to the air flow from the patient's 65 
lungs. 

Accordingly, it is one object of the 
present invention to provide a respiratory 
system which offers a minimal resistance 
to an air flow from the lungs until a pre- 70 
determined positive end expiratory pressure 
level is reached. 

It is another object of the invention to 
provide a respiratory system in which a 
pres ure controlled gas flow valve, by its 75 
design in the choice of the relative surface 
area of a diaphragm to the cross-sectional 
area of an inlet aperture, enables a resist- 
ance to the air flow from a patient's lungs 
t ' i ibtained for levels of pressure of said go 
air flow below the positive end expiratory 
pressure. A diaphragm several times the 
cross-sectional area of the inlet aperture 
will operate a valve on relative proportion- 

1 a ill pressure changes, in which, for 85 
example, the smaller pressure change in- 
volved, the proportionally larger surface 
area of a diaphragm may be required, The 
respiratory system according to the present 
invention can give a quick build-up of pres- 90 
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sure to the positive end expiratory pressure 
level and therefore offer quick respi nsc in 
the operating conditions thereby maintain- 
ing a positive pressure of the gas under 
5 flow. 

A further object of the invention is to 
provide a respiratory system including a 
pressure controlled gas flow valve which has 
a low resistance to the flow of air and 
10 «hich resistance may increase rapidly once 
the positive end expiratory pressure level is 
reached. 

Respiratory systems according to the in- 
vention are also characterised bv requiring 

15 no accessory equipment for their" operation. 
They are noiseless in operation and may 
be calibrated to a range of positive end 
expiratory pressure levels and be easily nre- 
set to one particular positive end expiratory 

20 pressure level in use. 

According to the present invention there 
is provided a respiratory system which 
maintains a positive pressure of expired gas 
at the end of each respiratory cycle com- 

25 prising a ventilator and a pressure con- 
trolled gas flow valve connected to the 
expiratory tube thereof, said valve com- 
prising a chamber with a diaphragm which 
divides the chamber into two compart- 

30 ments, wherein pressure which is at least 
atmospheric pressure is adapted to be 
applied to one side of the diaphragm in a 
first of the compartments, the second com- 
partment having an iniet aperture con- 

35 nectcd to said expiratory tube in the wall 
of the compartment opposite the dia- 
phragm, an outlet aperture and a substan- 
tially flat stopper which passes through the 
diapragm and is connected thereto, said 

40, stopper normally sealing the outlet aper- 
ture but opening it when pressure due to 
the expiratory gas on the diaphragm in 
the second compartment is greater than 
the applied pressure on the side of the dia- 

45 phragm and the part of the stopper in the 
first compartment. 

Preferably, the pressure on the dia- 
phragm and the part of the stopper in the 
first compartment of the valve is at 

50 atmospheric pressure which pressure is 
maintained by an aperture in the first com- 
partment which is open to the atmosphere. 
The pressure may be maintained other than 
at atmospheric pressure by a separate 

55 n is source whicl t ie 

at an independent pressure level. 

Alternatively, the pressure on the dia- 
phragm and the part of the stopper in the 
first compartment may be controlled by an 

60 adjustable spring which acts on the stopper. 
Preferably the diaphragm of the pressure 
controlled gas valve has a surface area at 
least twice the cross-sectional area of the 
inlet aperture. In one embodiment the dia- 

65 phragm for use in the pressure controlled 



gas valve for a respiratory system accord- 
ing to the present invention has a surface 
area of from two to twelve times the cross- 
sectional area of the inlet aperture. 

The diaphragm may be formed from an 70 
men flexible natural or synthetic sheet 
material. Suitable flexible natural or syn- 
thetic sheet materials are natural or syn- 
he ■ rubbers, plastics, rubberised fabrics, 
pi s seised sheet materials or metal foils. /5 
The expression "inert" as referred in inert, 
flexible natural or synthetic sheet materials 
is understood to mean that an appropriate 
flexible^ sheet material is to be chosen 
which is inert or chemically unaffected by 8C 
the air, gas or gases used in one or both 
compartments of the valve. Air, for ex- 
ample, when expired under conditions of 
anaesthesia, may contain organic com- 
pounds such as halogenated hydrocarbons 85 
which may decompose or perish certain 
flexible materials such as natural rubber. 
Materials such as neoprene rubber are used 
1 is hcasi Pr( ably, the diaphragm is 
fastened by its edges to the peripheral wall 90 
of the chamber to hermetically seal the 
first compartment from the second. 

In one preferred embodiment of the 
respiratory system a pressure controlled gas 
flow valve has an adjustable spring-loaded 95 

u.:gei which acts on the stopper whereby 
a pressure on the spring is maintained by 
tensioning the spring by an adjustable 
fa ten ng i e nl i 11 . adj I bl fastening 
member may be pre-set to one of a number 100 
of positions, for example, by travelling 
down a helical groove to vary the pressure 
on the spring. 

Preferably, the pressure controlled gas 
nrii 1 tpr u mania 
in the first compartment at atmospheric 
pressure. This pressure may be maintained 
in the first compartment by means of an 
aperture which is open to the atmosphere. 
The pressure may also be maintained from 1 10 
a separate gas source which, if desired, 
can be maintained at an independent 
pressure level at a pressure other than but 
above atmospheric pressure. 

1-11 1 ia o n J d n ges c I the 115 

present invention will lie apparent Irani the 
:ollo-.vi i g desc in ior rei er.ee beine had 
to the following drawings wherein preferred 
embodiments of Hie invention arc cleariy 
shown: — j20 

Figure 1 illustrates graphically a relation- 
ship between the pressure of air in a 
patient's lungs over the expiratory phase 
and the decreasing volume of air whilst the 
lungs are being ventilated with a ventilator VS 
apparatus, 

Figure 2 is a side sectional view of a 
pressure controlled gas flow valve for a 
respiratory system according to the inven- 
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Figure 3 is a side sectional view of an 
alternative embodiment of a pressure con- 
trolled gas flow valve for a respiratory sys- 
tem according to the invention, 
5 Figure 4 is a side sectional view of part 
of a pressure controlled gas flow valve for 
a respiratory system according to the in- 
vention, the part being indicated by a 
ringed insert in Figure 3, 
10 Figure 5 is a perspective view from the 
top and side of a calibration lid of a pres- 
sure controlled gas flow valve for a 
respiratory system according to the inven- 
tion, and 

15 Figure 6 is a side view of a pressure con- 
trolled gas flow valve for a respiratory 
system according to the invention. 

Referring now to Figure 1, the graph 
illustrated the n sho , pressure P ol air 

20 in a patient's lung whilst under artificial 
ventilation, plotted against decreasing vol- 
ume V during the expiratory phase. 

A positive end expiratory pressure level, 
Pj, is indicated and a typical level of pres- 

25 sure over an expiratory phase when using 
a pressure controlled gas flow valve for a 
respiratory system according to the inven- 
tion is shown by straight line PjO. 
Thus,_the pressure in the lungs remains 

30 substantially constant over the expiratory 
phase whilst the lung volume decreases to 
a standard residual amount. A low resist- 
ance to flow of air is therefore achieved 
when the desired level of pressure is 

35 reached and an undesirable i native pe 
as indicated by PjR, is avoided. 

Figure 2 illustrates a side sectional view 
of a pressure controlici: gas fl < a! e ioi 
a respiratory system according to the in- 

40 vention win h comprise ch tmber divided 
into two compartments i and 2 by a dia- 
phragm 3 in which compartment 1 has an 
inlet aperture 4, an inlet pipe 4', an outlet 
aperture 5 and an outlet pipe 5', and a 

45 stopper 6 attached to diaphragm 3 which 
can seal the outlet aperture 5, and in 
which compartment 2 has an aperture 7 
open to the atmosphere at a pressure A. 
The diaphragm 3 is fixed by its peripheral 

50 edges to the wall of the chamber to 
hermetically sea] compartment 1 from 
compartment 2. The pressure controlled gas 
flow valve is normally kept closed by gas 
pressure A acting on diaphragm 3 and 

55 attached stopper 6 via aperture 7 to force 
the stopper 6 into the outlet aperture 5, 
thereby blocking the passage of expired gas 
from inlet pipe 4' to outlet pipe 5'. To 
open the pressure controlled gas flow valve 

60 a relatively small increase in gas pressure 
in inlet pipe 4' transmits a relatively large 
lifting force to the diaphragm 3 in the 
direction of the arrows, thereby flexing the 
diaphragm and lifting the stopper 6 from 

65 the outlet aperture 5. On discontinuing the 



increased pressure in inlet pipe 4' the 
stopper 6 returns to close the outlet aper- 
ture 5. 

Figure 3 illustrates a side sectional view 
of a pressure controlled gas flow valve for 70 
a respiratory system according to the in- 
vention which comprises a chamber divided 
into two compartments 1 and 2 by dia- 
phragm 3 in which compartment 1 has an 
inlet aperture 4, inlet pipe 4', an outlet 75 
aperture 5, outlet pipe 5' and a stopper 6 
attached to the diaphragm 3 which can 
seal the outlet aperture 5, and in which 
compartment 2 has an aperture 7 through 
which an adjustable spring-loaded plunger 80 
8 acts on the stopper 6 to close the outlet 
aperture 5. The spring-loaded plunger 8 has 
a disc 9 on which a spring 10 rests. A 
recess II in a helically-adjustable core 12 
holds the spring 10 in place. An adjuster 85 
capping body 13 has a helical groove cut 
in its inner bore (not shown) to allow the 

i a iJiustable core 12 to be located at 
a suitable position to tension the spring 10. 
The adjustable core 12 has spring-loaded 90 
pins 14, indicated in the insert of Figure 
4, to locate it in the helical groove of the 
adjuster capping body 13, so that when the 
core 12 is rotated, it travels up or down 
the body of the capping body 13 to tension 95 
the spring 10. 

Figure 4 illustrates a side sectional view 
of an insert of Figure 3 which shows one 
of the spring-loaded pins 14 which locate 
J i' ' adia "'-I :oi 12 ; > lb h lical enoove 100 
(not shown) of the adjuster capping body 

Figure 5 illustrates a perspective view 
from the top and side of a calibration lid 
15 of the pressure controlled gas flow valve 105 
according to Figure 3 in which calibration 
type markings are indicated on the lower 
side 15' of the lid 15 to match markings 13' 

'ii uste ipping body 13. In cali- 
n i ' lve £ suit i i" range of call- 110 
brations is from 1 to 30 cms of H.,0 and a 
preferred positive end expiratory pressure 
range for general use is from 2 to 12 cms 
H,0. On calibration the calibrated lid 15 
flocked in position by tightening screws 115 

Figure 6 illustrates a side view of a 
pressure controlled gas flow valve accord- 
ing to Figure 3 snowing an inlet pipe 4', 
< t!et 'I idji i i ir idy 13, 120 

ilibi ions markings 13' on the capping 
body 13, calibration lid 15, calibrations 15' 
on the lower side of on calibration lid 15, 
and chamber 17 indicated in two halves for 
fa •■'.erring the edges of the diaphragm 3 by 125 
its edges on assembly, 

WitJi reference to Figures 3 and 5, one- 
embodiment of the method according to the 
present inventioj is carried out by con- 
necting an inlet tube 4' of a pressure con- 130 



trolled gas flow valve according to the 
invention to an expiratory port before an 
expiratory valve of a ventilator and setting 
a calibration cap 15 to a desired positive 
5 end expiratory pressure level. On exspira- 
tion the whole system pressurises up to the 
expiratory port, the total pressure on the 
side of the diaphragm in contact with the 
expired air being several times the pressure 

10 exerted from the plunger 8 an 1 prins ! > 
A stopper 6 is therefore lifted to open 
aperture 5. With the expiratory valve open 
at the beginning of expiration the whole 
system starts to depressurise. When the cor- 

15 rect positive end expiratory pressure level 
is reached, the stopper 6 blocks the outlet 
aperture 5 and the pressure is held at this 
level. The action is quick and r eS ponsi"e 
to relatively small changes in nresqire in 

20 the expiratory tube and a small increase in 
pressure over the positive end expiratory 
pressure level opens the valve widely to the 
minimum red ta to pi ation 

25 WHAT WE CLAIM IS:- 

i. A respiratory system which main- 
tains a positive pressure of expired gas at 
the end of each respiratory cycle eom- 
prising a ventilator and a pressure con- 

30 trolled gas flow valve connected to the 
expiratory tube thereof, said valve com- 
posing a chamber with a diaphragm which 
divides the chamber into two compartments 
wherein pressure which is at least atmos- 

" P lierlc Pressure is adapted u I ; :pikd 
one side of the diaphragm in a fir: the 
compartments, the second compartment 
having an inlet aperture . a: ueei :d to a* 1 
expiratory tube in a wall of the compart- 

40 ment oppos;:; the diaphragm, m outH 
aperture and a substantially flat stopper 
which passes through the diaphragm tnd is 
connected thereto, said stopper normally 
sealing the outlet aperture but opening it 

45 when pressure due to the expiratory gas 
on the diaphragm in the second compart- 
ment is greater than the pressure applied 
on the side of the diaphragm and the pari 
ot the stopper in the first compartment 



A respiratory system according to 
Claim 1 in which the pressure on the dia- 
phragm and the part of the stopper in the 
first compartment of the valve is main- 
tamed at atmospheric pressure by means of 50 
' • future m tl first compartment which 
is open to the atmosphere. 

3. A respiratory system according to 
Claim 1 m which the pressure on the dia- 

ph gm and the part of the stopper in the 55 
first compartment is at a pressure other 
than at but above atmospheric pressure, 
which is maintained by a separate pres- 
sunzer gas source at an independent pres- 
sure or by an adjustable spring which acts 60 
on the stopper. 

4. A respiratory system according to 
Claims 1 to 3 in which the diaphragm has 
a surface area at least twice the cross- 
sectional area of the inlet aperture. 65 
J: A respiratory , tern according to 
Claims I to 4 in which the diaphragm has 

a surface area from two to twelve times 
the cross-sectional area of the inlet aper- 
ture. 7Q 

6. A respiratory system according to 
Claims 1 to 5 in which the diaphragm is 
rormed from an inert, flexible natural or 
synthetic sheet material fastened by its 
edges to the peripheral wall of the chamber 75 

7. A respiratory system according to 
Claims I, and 3 to 6, in which an adjust- 
able spring-loaded plunger acts on the 

1 id wherein he pressure on the 
spring is maintained in a pre- et - isi ion 80 
' I 1 I- ii r membei 

8. A respiratory system comprising a 
ventilator and a pressure controlled 'gas 
How valve connected to die expiratory tube 
thereof said valve bei • ut tantially as 85 
nerem described with particular reference 

to Figures 2 to 6. 

C. A. CLARK, 
Chartered Patent Agent, 
Century House, 
Shaftesbury Avenue 
London, WC2H 8AS. 
Agent for the Applicants. 
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